Abstract: A The acetylcholinesterase inhibitors galantamine and tacrine are used to treat Alzheimer's disease. However, these compounds also affect the gastrointestinal (GI) tract. Here, we compared and analyzed both the effects of galantamine-and tacrine on the evacuatory kinetics of the GI tract in rats. Rats were untreated (n=15) or treated with galantamine (one daily dose of 1 mg/kg per os for 21 days; n=17) or tacrine (one daily dose of 0.5 mg/kg per os for 21 days; n=13) and evacuatory kinetics were assessed using radiological methods. Galantamine initially slowed and then accelerated evacuation, which is characteristic of the majority of cholinesterase inhibitors and is a result of the endogenous acetylcholine accumulated in the GI tissues. In the tacrine-treated rats the contrast medium was kept in the stomach and cecum and its evacuation time was reliably increased. These results indicate that when administered for 20 days, galantamine and tacrine have different effects on motor and evacuatory function in the GI tract of rats, because at certain levels of the tract the tacrine-action is dominated by specific non-cholinergic and non-anticholinesterase mechanisms.
Introduction
Galantamine and tacrine are acetylcholinesterase inhibitors used for the symptomatic treatment of Alzheimer's disease and other forms of dementia due to cholinergic deficit [1] [2] [3] [4] [5] . Galantamine is a tertiary alkaloid that is a reversible, competitive inhibitor of acetylcholinesterase [6] . It also interacts allosterically with nicotinic (N-) acetylcholine receptors, enhancing the action of receptor agonists [7] . Furthermore, galantamine is a selective inhibitor of acetylcholinesterase and is a weak inhibitor of butyrilcholinesterase [8] . Tacrine is a derivate of acridine and is a reversible and non-competitive inhibitor of acetylcholinesterase with a complex mechanism of action [1, 2, 9, 10] . Tacrine is also a stronger inhibitor of butyrilcholinesterase than galantamine [1] and, at doses used to improve central nervous system function, it has a stronger effect on peripheral structures, such as the gastrointestinal (GI) tract. Some of the effects of tacrine are due to the inhibition of certain subtypes of cholinergic receptors [11, 12] . Tacrine has been reported to induce tissue-dependent downregulation of muscarinic (M-) cholinergic receptors [13] . Tacrine also blocks transmembrane K + flow [14] and influences Ca 2+ homeostasis [15] . The non-cholinergic and non-anticholinesterase effects of tacrine are known to occur at doses higher than those used therapeutically [16] .
Galantamine and tacrine have some side-effects due their action on organs and systems outside the
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central nervous system. The most common are in the GI tract, namely, abdominal pain [17] , nausea, vomiting [18, 19, 20] and diarrhea [17, 21] . Also, long-term therapy with tacrine has been reported to cause a loss of appetite, resulting in weight loss [16] . According to Davis and Powchik, between 2% and 29% of patients treated with tacrine and between 7% and 25% of those treated with galantamine develop GI side-effects [16] . Most of these side-effects are due to disruption of gastric or intestinal motility.
In the current study, we analyzed the characteristics of galantamine and tacrine induced on the evacuatory function of the rat GI tract.
Material and Methods

Experimental animals
The experiments were carried out using 45 adult male Wistar rats (weight, 290±20 g). Throughout the experiment (21 days), the animals were kept under standard laboratory conditions, including a food pellet diet, temperature, dark/light-regime, and free access to water. The animals were divided into three groups: group 1 (n=15), controls, which were given saline; group 2, galantamine-treated (n=17), which received a single daily dose of 1 mg/kg galantamine per os for 21 days; and group 3, tacrine-treated (n=13), which were treated with a single daily dose of 0.5 mg/kg tacrine per os for days. These doses are galantamine and tacrine are used therapeutically, and we have shown that they are equally effective in behavior experiments. Sixteen hours prior to performing radiographic examination of the animals' GI tracts, they were denied access to food and were about 70% deprived to water.
X-ray contrast examination
Contrast facial radioscopy, immediately followed by radiographs of the GI tract, were performed using a Sirescop 1500 ST X-ray apparatus (Siemens) with a constant focus distance of 0.7 m. Animals were administered 2.5 ml of contrast medium (CM; 120 mg BaSO 4 dissolved in 200 ml H 2 O at 37°C) per os. Radiographs were made immediately and 1, 3, 6, 12, 24, and 28 h after administration of the CM. The time for the complete evacuation of the CM out of the stomach and the intestinal passage after 24 h were used as quantitative indices. The differences in the shape, size, tone, and peristaltic activity of the stomach and intestine in all animal groups were also assessed. All experiments were performed in accordance with requirements for work with laboratory animals were observed, as stated in the European convention. The experiments were also approved by Ethical Committee of the Medical University Plovdiv (Protocol No. 37/12.04.2005).
Drugs and substances
Galantamine was from Tocris, tacrine was from Sigma, and BaSO 4 was from Sopharma.
Statistical analysis
Continuous variables are expressed as means ± SEM. The statistical association between the time of evacuation of CM from the stomach and the GI tract for controls, galantamine-treated, and tacrine-treated rats was assessed by analysis of variance using Tukey's HSD post-hoc test. Because CM was found in the cecum and also in the stomach of some tacrinetreated rats. For this reason at the final (28 h) time point, 28 h was accepted as a KM time-an indicator of CM evacuation value for these animals. Because of the small sample size, the experimental results from analysis of variance were also assessed using the nonparametric Kruakal-Wallis test. A value of P < 0.05 was considered to indicate a significant difference. 
Results
Characteristics of the GI tract and its motor and evacuatory function in control rats
We first examined the stomachs and intestines of control rats. We found that they were of normal sizes and shapes, their anatomic parts were clearly discernible, and peristaltic waves were deep and symmetric. Immediately after the introduction of CM, it filled the stomach, duodenum, and the initial part of the jejunum (Figure 1 ). One hour later, it was evacuated from the stomachs of 11 of the 15 control rats and was distributed in the small bowels. After 3 h, the CM was evacuated from the stomachs of all but one of the control rats. After 6 h, the CM was evacuated from the small bowels and started filling the cecum in all but four animals. After 12 h, the CM was distributed throughout the large bowel. Finally, after 24 h, the CM was completely evacuated from six of the animals, and in the remaining nine, traces of the CM could be observed in the rectum. These observations are shown in Figure 2 .
Effects of galantamine on the condition, motility and evacuatory activity of the GI tract
We next examined the GI tract of the galantamnetreated rats. Their stomachs were of regular shape, location, with clearly demarcated outlines and well-differentiated antral and fornical parts. The radiographic images demonstrated some variation in the CM distribution and movement. Typically, there were alternate segments of narrowed and widened lumen throughout of the duodenum, and in some animals, this was also visible in the jejunum (Figure 3 ). X-radiographs revealed peristaltic activity in the ileal area. After 6 h, the CM was evacuated from the stomach of all glantamine-treated rats. Radiographs taken after 12 h showed CM in the rectum, and after 18 h, it was completely evacuated from eight animals. Ater 24 h, traces of CM could not be found in the GI tract in any of the rats (Figure 4) . Of the 17 galantamine-treated rats, 13 had diarrhea on the day of CM administration. 
Effects of tacrine on the condition, motility and evacuatory activity of the GI tract
Finally, we examined the effects of tacrine on the GI tract in rats. Of the 13 tacrine-treated rats, 9 had enlarged stomachs. The widening involving mainly the fornix. The stomachs were contracted in their antral area. CM could be observed only in the stomach. Radiographic images did not reveal peristaltic waves ( Figure 5 ). The stomachs of the remaining rats were normal in size, and they had some peristaltic activity. Three hours after administration, CM was localized mainly in the fornix of the stomach in seven rats, and in the remaining six, it was evenly distributed throughout stomach, duodenum, and small bowels. The location of the bowels of most animals was preserved, and they had a normal lumen. After 6 h, the fornix and cecum of eight rats were filled with CM. The cecum was hypotonic. After 12 h, all of the had CM in the fornical part of the stomach, and 9 of them in the cecum as well. After 24 h, partial evacuation of CM from the digestive tract was observed in eight animals. The feces was of normal form and consistency. The CM that remained in the intestinal tract was limited to the stomach and cecum ( Figure 6 ). The quantitative radiological differences of the GI function in the different groups was assessing by ANOVA ( Table 1 ). The Kruskal-Wallis test was used to confirm the significance of differences among the groups.
Discussion
We show heere that a 21-day treatment with galantamine or tacrine causes functional disturbances in the GI tract of rats. Acetylcholine stimulates tonus and motility of the GI tract [22] . The mechanism of these drugs in the GI must be similar because they had similar effects on the kinetics of evacuation.
The muscle tone of the GI tract in the galantamine-treated rats was increased compared to controls. This is likely mediated by acetylcholine because contraction of smooth muscle from various areas of the GI tract by galantamine is blocked by the non-specific M-cholinergic antagonists atropine and ipratropium [23] . The effects of galantamine and of the accumulated acetylcholine, however, are not identical in the different areas of the GI tract. This may be due to the heterogeneous distribution of different cholinergic receptor subtypes along the GI tract, or it may be related to certain specific contractile characteristics of the muscles in the various areas. Table 1 . Kinetics of CM evacuation in the rat gastrointestinal tract. Figure 4 . A galantamine-treated rat 24 h after CM administration.
* Comparison between experimental group and control † Comparison between galantamine-and tacrine-treated groups
Traces of CM could not be found in the GI tract.
It is also possible that galantamine causes changes in the expression of cholinergic receptors [24] or the sensitivity of N-cholinergic receptors [25, 26] or that accumulated acetylcholine affects various types of M-and/or N-cholinergic receptors expressed on enteric inhibitory and excitatory neurons [27] controling GI motility [28] . These effects acting at a deodenal or jejunal region probably cause the appearance of stenotic segments. Such regions of decreased lumen possess increased tonus and resist the passage of CM to the lower levels of the GI tract. This increased resistance in the duodenum is responsible for the lack of contrast in the small bowels in most of the galantamine-treated rats and for the slowing of the passage at that level of tract.
In vitro experiments show that galantamine selectively stimulates the spontaneous phasic activity of smooth muscle tissues from rat's ileum [23] . The increased phasic activity is apparently required for the increase in peristaltic activity in the ileum that was observed in most of the animals. Furthermore, this increased activity, combined with the overall increase in the tonus of the tract, is probably what speeds the intestinal passage after the sixth hour in galantamine-treated rats. This results in the complete evacuation of the CM in half of the galantamine-treated animals as early as the 18 th hour as well as the significant reduction in the evacuation time compared to controls. The loose consistency of the feces in the galantaminetreated animals can be explained by the accelerated passage.
Like galantamine, tacrine is a reversible inhibitor of acetylcholinesterase [29] . However, the tacrine-treated animals showed some specific reactions, namely, fornical and caecal relaxation, antral contraction, and a lack of statistically significant peristaltic activity. The combination of tacrin-induced non-anticholinesterase and noncholinergic tonic relaxation and the inhibition of the phasic mechanical activity [30] combined with the contractile effects of acummulated actylcholine can account for the changes that we observed. In addition, there are likely variations in the thresholds for these acetylcholinesterase-indepent effects in different areas of the GI tract [31] . In some areas of the GI tract, tacrine-induced reactions are due mostly to non-cholinergic mechanisms, whereas in others, cholinergic mechanisms dominate.
The widening of the fornical area most likely indicates that there is decreased intragastric pressure. This combined with the observed spasm of the antral muscles results in incomplete evacuation of the CM from the stomachs and formation of a gastric depot. This combination of factors also causes the formation of a depot in the cecum. The partial inhibition of peristaltic activity in tacrinetreated rats, the hypotonia and formation of depots in parts of the stomach and cecum, the slowing of CM evacuation, and the lack of diarrhea do not appear to be directly related to the accumulation of acetylcholine.Thus, it appears that both anticholinesterase-dependent and -independent mechanisms are involved in the GI side-effects of tacrine. These effects are observed a dose similar to those used therapeutically. In this way, the effect of tacrine on the motor and evacuatory function of the GI tract is distinct from those of galantamine and some other anticholinesterase inhibitors.
